Introduction
The recent years have born witness to some of the most exciting advances in the field of facial plastic surgery in modern times. The relentless quest for the ideal reversal of the stigmata of aging has led to observations which have challenged, and indeed largely overturned, traditional tenets of aging face theory. Armed with these observations, pioneers in the field have developed and honed novel, imaginative techniques in an attempt to provide the most natural rejuvenation ever achieved. Following a review of the current concepts in the aging face, including its bony foundation, muscular structure, ligamentous support, and skin, we focus on the changes in subcutaneous tissue with age. An overview of volume restoration is then presented, and we conclude with the approach now utilized in our practice -complementary use of volume restoration with more traditional procedures [1 ] -and discuss how this approach reflects recent changes in understanding of facial aging.
Bone
Intriguing work has been put forth by Pessa and colleagues [2,3], which implicates a contribution of bony remodeling in the pathogenesis of the aging face. Using computed tomography, these studies demonstrated a posterior-inferior rotation of the facial skeleton toward the cranial base with age. This posterior remodeling is thought to further undermine midfacial support and projection, including that of the inferior orbital rim, and to contribute, therefore, to malposition of the lower eyelid with lateral bowing and scleral show.
In addition to the generalized bony remodeling described by Pessa et al., a particular area of bony atrophy which has been previously described by Mittleman [4] is the anterior mandibular groove. This area lies between the mentum and the body of the mandible, just anterior to the soft tissue of the jowl region. The corresponding soft tissue depression over the anterior mandibular groove has thus been termed the prejowl sulcus. Soft tissue atrophy occurs in the prejowl sulcus as well, exacerbating the depression caused by bony atrophy; neither is addressed by traditional facelifting techniques.
Muscle
Pervasive in the literature is the concept that muscle undergoes relaxation with aging. The orbicularis oculi and zygomaticus muscles have been among the most frequently cited, being credited in the past with roles in descent of the midface and having procedures developed to suspend them [5, 6] . Despite these assertions, there is a relative paucity of experimental evidence to support the notion. Recently, authors have begun to question the validity of muscular laxity. Why, for example, if facial muscles become slack, does facial nerve paralysis result in softening of the nasolabial, glabellar, periorbital, and labiomandibular creases? And why does botulinum toxin improve the appearance of wrinkles and platysmal bands, when such paralysis should weaken already slack muscles [2]? One must also wonder, if muscular laxity is causative in platysmal banding, why this also responds well to partial or complete transection [7] . Finally, a recent study using MRI to evaluate the facial soft tissue changes with age yielded interesting results to counter the muscular laxity hypothesis: muscular length and overall thickness were found to be no different in an aged group relative to their younger counterparts [8] . This runs counter to the previous proposals by well respected surgeons that midface musculature should be shortened or plicated to restore youthful features [6] .
Ligaments/supporting structures
Many authors have made important contributions to our understanding of the supportive ligaments of the face, as well as their superficial effects on the aging facial skin [9] [10] [11] [12] [13] [14] [15] . Recent contributions include those by Muzaffar et al. [16] and Mendelson et al. [17] , who detailed the surgical anatomy of the midface, based on cadaver studies. Many of these descriptions contend that the force of gravity causes laxity of the ligamentous support, which results in descent of the soft tissues. Increasingly evident, however, is the fact that replacement of volume to the face in key areas, rather than surgically lifting the soft tissues or shortening ligaments, can have an equally impressive, if not superior, cosmetic effect [18 -20] . This begs the question of whether there is true relaxation of the ligamentous support, or simply perceived laxity as a result of overhanging of deflated tissue which originates above these ligaments. An interesting study to address this question may be one that followed the position of the cutaneous furrows of the midface in individuals over time to identify any true descent. It is likely, however, that with loss of supportive volume, the vector of the ligaments which pass through the tissues to the skin changes from horizontal to more inferiorly directed without any elongation, with resultant descent of the cutaneous furrows; thus such a proposed study could falsely implicate ligamental laxity in the pathogenesis of the aging face. Similar work has been elegantly presented by Lambros [20] , comparing images of aging face patients with their own photos from youth and demonstrating that by following cutaneous markers, such as birthmarks, an apparent radial contraction of the face is transpiring, rather than simply descent.
Despite the above findings, it would seem that at least some degree of laxity in the supporting structures of the face contributes to the aged appearance, such as is likely the case with relaxation of the orbital septum, resulting in pseudoherniation of orbital fat.
Skin
The superficial and subcutaneous layers of skin undergo thinning with age, with overall skin thickness decreasing significantly in a linear fashion following age 20 years. It is thought that reduced collagen in the dermis is responsible for the gradual loss in skin thickness, as this collagen is the major determinant of skin thickness [21] . Overall loss of soft tissue volume in aging, however, is primarily due to loss of subcutaneous adipose tissue [22] , as discussed below. Other histologic changes include flattening of the rete ridges, causing effacement of the dermalepidermal junction [23] . Loss of organization of elastic fibers occurs as well, leading to decreased elasticity of the skin, in a process termed elastosis [24] . In addition to the intrinsic factors above, extrinsic factors, including smoking, sun exposure, and gravity, act on the skin and are thought to result in dysplasia of keratinocytes, coarse wrinkles, and an irregular skin surface. A recent report further implicates actinic damage in the disruption of normal dermal collagen bundles and correlates this with progression of wrinkling, adding to the growing wealth of data implicating ultraviolet radiation in skin deterioration [25] .
Subcutaneous tissue
An ever-increasing percentage of surgeons appear to be embracing the concept that perhaps the primary driving force in the aging face is volume loss. The extent to which individual soft tissue components diminish with age are somewhat debated, and some feel there is actually a hypertrophy of subcutaneous tissue, such as in the jowls, lower face, and neck [26] . Most authorities, however, agree that lipoatrophy, or the loss of subcutaneous adipose tissue, plays the most important role. A recent review proposes a well thought out grading scale for lipoatrophy in the face, which should serve to improve scientific communication regarding this process and the effectiveness of the various corresponding treatment modalities, both in disease states such as HIV and in physiologic aging [27 ] .
The above discussion on loss of adipose tissue notwithstanding, one of the pioneers of modern lipotransfer has suggested that loss of colloidal fluid in the more superficial skin layers is the primary source of volume loss in the aging face. The hypothesis is that with loss of proteins, hormones, hyaluronic acid, and other substances in the skin, there is associated loss of the colloidal forces of these substances, leading to diminishment of the colloidal fluid [28] . Certainly, further research is warranted to further elucidate the relative role of colloidal fluid loss in cutaneous aging.
Volume restoration
While the degree to which specific structures outlined above undergo atrophy in the face remains the subject of some debate, what has become increasingly clear is that volume loss plays a pivotal role in the development of stigmata of the aging face [1 , 6,29,30 ,31 ,32] . No longer is there a domination of the dogma that the primary event is a gravity-induced sagging of all facial structures. Indeed, it is our position that gravity does nothing more than determine the direction in which the atrophic, deflated soft tissues hang. The effect is exaggerated by the lengthening of the skin envelope, secondary to the histologic changes outlined above. With this appreciation, the surgeon is able to choose from an increasing number of materials for soft tissue augmentation, both temporary and permanent [1 , 29,31 ,33] .
Autologous fat grafting
Fat grafting has been used successfully for soft tissue augmentation since 1893 [34] . The early experiences, however, were such that, while fat produced more natural results than other available fillers [35] , the longevity of the graft was disappointing. Even as recently as the late 1980s and early 1990s, well respected plastic surgeons were publicly denouncing fat transfer through injection [36] [37] [38] [39] . Fortunately, with additional experience they adjusted their technique and obtained more encouraging results [40, 41] . Surgeons have now been able to demonstrate qualitatively that fat grafting can create not only excellent changes in contour, but also long-lasting results [41] [42] [43] [44] . There is, however, a relative paucity of quantitative data to support these findings. As a result, our group is currently evaluating the long-term volumetric changes in the face quantitatively with three-dimensional imaging analysis (Vectra 3D Imaging System; Canfield Imaging Systems, Fairfield, New Jersey, USA). Much of the credit for the improved success and longevity of autologous fat belongs to Coleman, who has encouraged atraumatic handling and methodical layering of the material to improve survivability [33,42,45 ,46-49] . Current applications include not only cosmetic facial enhancements, but also traumatic deformities, hemifacial atrophy, HIV-associated lipodystrophy, postliposuction irregularities, and others [50] .
In the senior authors' practice, fat transfer has been utilized for facial rejuvenation with very satisfying cosmetic results and longevity for the past 10 years, with minimal complications [1 ]. Primary areas of treatment include the infraorbital region, anterior and lateral cheek, brow and upper eyelid, prejowl sulcus, and mandibular angle (Fig. 1) . The use of fat grafting in these areas, in a complementary fashion with facelifting and blepharoplasty, has afforded rejuvenative results previously unattainable with standard techniques.
In addition to the outstanding results of lipotransfer for volume restoration, surgeons have become increasingly interested in the apparent rejuvenative effects on the skin itself. Coleman [45 ] has noted improved skin quality, with softening of wrinkles, decreased pore size, and improved pigmentation during the first year posttreatment. Topographical skin analysis systems such as the recently developed VISIA system (Canfield Imaging Systems) may determine whether the effect from fat grafting is an effective skin rejuvenation technique in comparison to chemical peels and laser resurfacing. Aside from effects on normal, aged skin, when fat has been grafted beneath depressed scars there was improvement not only in the depression, but also in the character of the scar itself, with an apparent transformation to normalappearing skin [33] . Other authors have reported a diverse range of improvements in soft tissue conditions, including radiation damage, breast capsular contracture, damaged vocal cords, and chronic ulceration, as well as regrowth of calvarial bone [51] [52] [53] [54] [55] . While many of the exact mechanisms for these effects remain to be described, what seems to be at the center of these changes is the presence of stem cells in human adipose tissue. This has proven the most abundant source of stem cells in the body [56] [57] , and the coming years will undoubtedly yield further applications as our understanding improves. 
Synthesis
The marked changes in our understanding of the pathogenesis of facial aging outlined above have resulted in a striking shift in the paradigm of facial rejuvenative treatments. An overwhelming increase in appreciation for the necessity of volume replacement has occurred over the past 10 years, reversing a trend which took root in the 1920s, when surgeons such as Kolle [58] , who had experienced complications with paraffin and other filler materials, abandoned these injections in favor of excisional and suspensory procedures. It was this trend which led to many of the 'stigmata of plastic surgery' -the hollow eyes and tightly pulled faces that patients today are so anxious to avoid [28] .
With arguably the ideal soft tissue filler material now available, we are in the unique and enviable position of being capable of rejuvenative facial changes which more closely approximate physiologic reversal than at any time in history. Careful analysis of youthful faces directs us as to which areas of the face have become atrophic and would benefit from such volume replacement, whether through autologous fat transfer or synthetic materials. For long-term soft tissue augmentation, the authors' preference is autologous fat grafting, and while the specific areas and quantities used by the authors are beyond the scope of this review, these are described in detail elsewhere [1 ]. The primary areas addressed, however, include, in the midface, the inferior orbital rim, nasojugal groove, anterior and lateral cheek; in the upper face, the superior orbital rim and upper eyelid, as well as the temporal region; and in the lower face, the perioral region including the nasolabial fold and labiomental fold, prejowl sulcus, and lateral jawline/angle of mandible.
One of the critical outcomes of our own analysis of youthful facial features was the acknowledgement that many of the traditional techniques for the aging face are performed in excess. Suspension of the brow, in particular, is now seldom utilized in the senior authors' practice. It has been our observation that the physiologic hollowing of the superior eyelid region that occurs with age, with resulting shadowing beneath the brow, creates an illusion that the brow has descended toward the eye. Conversely, if the upper eyelid is filled in, a highlight is created between the upper eyelid and brow that gives the impression of an elevation of the latter, diminishing the need for a separate brow suspension procedure, as demonstrated elegantly by Coleman [59 ] . As a result of this observation, browlifting has been almost completely supplanted in our practice by lipoaugmentation of the superior orbital rim and upper eyelid, with conservative excision of upper lid skin, resulting in a closer approximation of youthful beauty. It is likely that widespread adoption of this approach will result in an improvement upon patient dissatisfaction with treatment of the brow, such as that identified in a recent review by Chiu and Baker [60] of 628 endoscopic browlift patients.
Also noteworthy is a reduction in the excisional aspects of upper and lower blepharoplasty and facelifting as part of the evolution of lipotransfer in this practice. Full-face fat transfer was initially performed for facial rejuvenation independent of excisional techniques, but was found to result in suboptimal patient satisfaction. Prolonged facial edema and persistence of skin excess were simply not surmountable barriers to patient satisfaction. The latter should not have been surprising in light of the role of elastosis in aging skin, with a resultant relative skin excess: a filling procedure alone would therefore be expected to yield an overly inflated face as opposed to a more natural volume restoration. The same issues confront the upper eyelid, with purely infiltrative techniques possibly yielding a bag of tissue which is too prominent or hangs over the ciliary margin. The current approach in our practice, however, incorporates autologous fat transfer in a complementary fashion with excisional techniques, allowing a decreased amount of skin to be excised. The result has been an elevation of the level of cosmetic result, and with it patient satisfaction, to heights previously unachievable.
Finally, muscular laxity with age seems to be an overstated phenomenon, if it does indeed occur. In light of the response of aged muscle to botulinum toxin, as is the case in platysmal banding and in many other areas of the face [61] , it appears that muscle shortening may be the greater effect. It is our assertion that the laxity observed in aging skin has been erroneously taken to be transferable to muscle as well. The etiology of platysmal banding is therefore viewed as a thinned, relaxed cutis which easily allows the definition of a contracted platysma muscle to project through; this is in contrast to the youthful neck, in which the skin acts as a support to the platysmal muscle to maintain its approximation to the deeper tissues of the neck. The platysma thus forms a vertical tension band along the neck which is poorly corrected in our experience by traditional excisional, tightening, and lifting procedures. In light of these observations, we believe that the new paradigm must reflect not only the understanding that volume loss and skin relaxation occur, but that, perhaps somewhat counterintuitively, muscular aging is manifested not by laxity, as occurs in cutaneous aging, but by contracture. Any efforts to reverse the effects of aging specifically on facial musculature should therefore be directed at relaxation, through either botulinum toxin paralysis or varying degrees of transection, as with low platysmal transection [7] . The midfacial, perioral, and cervical mimetic musculature should, therefore, be viewed as is that of the upper face, which is so commonly rejuvenated through paralysis/paresis or transection.
Conclusion
It is the authors' conviction that mastery of volume replacement is absolutely critical to the state-of-the-art practice of facial rejuvenation. When employed in a complementary fashion, results far exceed those of traditional techniques. The learning curve for this approach is no steeper than for other procedures in surgery, but a fundamental shift in the visualization of the aging face is essential.
